To address the hypothesis that respiratory distress associated with West Nile virus (WNV) is neurologically caused, electromyographs (EMGs) were measured longitudinally from the diaphragms of alert hamsters infected subcutaneously (s.c.) with WNV. The EMG activity in WNV-infected hamsters was consistently and significantly (P £ .001) less than that of sham-infected animals, beginning with suppression at day 3 and continuing to beyond day 17 after viral challenge. Of the tissues known to affect respiration, i.e., lung, diaphragm, cervical spinal cord, brain stem, and the carotid or aortic bodies, foci of WNV-immunoreactive neurons were only observed in the brain stems and some cervical spinal cords from EMG-suppressed animals. To confirm the involvement of the brain stem and spinal cord, WNV was injected directly in the ventrolateral medulla containing respiratory functions using stereotaxic surgery and into the cervical cord at the C4 vertebral level. As with subcutaneous WNV challenge, hamsters developed EMG suppression of the diaphragm within 4 days. Because WNV-positive neurons were only sporadically identified in EMG-suppressed animals as early as day 3, a plausible mechanism of EMG suppression may involve regulation of diaphragm activity via vagal afferents acting on respiratory control system neurons in the brain stem. Brain auditory evoked response (BAER) was performed to determine if generalized brain stem neuropathy was the cause of diaphragmatic EMG suppression. Because deficiencies of BAER were only observed after day 11, which is long after diaphragm EMGs became suppressed, multiple phases of WNV-induced neurological disease are likely. These data establish that WNV infection of hamsters causes electrophysiological suppression of the diaphragm either directly by lesions in the brain stem and cervical spinal cord, or indirectly by altered vagal afferent function. This WNV-induced EMG suppression may be analogous to conditions leading to respiratory distress of WNV-infected human patients. Journal of NeuroVirology (2010) 16, 318-329.
Introduction
Respiratory distress has been described in West Nile virus (WNV)-infected patients with neurological disease, including those with acute flaccid paralysis (Fratkin et al, 2004; Sejvar et al, 2006) . Four of 12 patients who died from WNV infection in Mississippi in the year 2002 with postmortem examinations presented with varied symptoms, but each person had respiratory failure that required intubation and ventilation (Fratkin et al, 2004) . Because histopathology was observed in the gray matter ventral horn gray matter of the spinal cord, the brain stem, cerebellum, and cerebrum, the cause of respiratory failure was presumptively considered to be neurologic.
A cohort of 32 patients with WNV-induced paralysis was followed up 4 months (Sejvar et al, 2005) and 1 year later (Sejvar et al, 2006) . At 4 months, three patients with respiratory failure had died and two were intubated. By 1 year, three of the additional cohorts who had died, all had respiratory failure. At 1 year, some of the remaining cohorts continued to have respiratory involvement, including a need for supplemental oxygen, intubation, orthopnea, and/or dyspnea on exertion and weakness of cough.
From such clinical observations, it can be concluded that WNV presumptively causes lesions in the central nervous system (CNS) that adversely affect pulmonary function. Because WNV destroys (Chu and Ng, 2003; Samuel et al, 2006; Shrestha et al, 2003) or persistently infects motor neurons Siirin et al, 2007; Tonry et al, 2005; Wu et al, 2008) in cell culture or in the spinal cord of rodents to cause muscle weakness and paralysis, lesions in the spinal cord might also affect respiratory function. The diaphragm is innervated by phrenic nerves whose cell bodies reside at C3-C5 in the cervical cord. So if motor neurons in the C3-C5 were damaged or destroyed by WNV, innervation of the diaphragm would decrease. Additionally, WNV infects and causes lesions in the brain stem of human patients (Doron et al, 2003; Petropoulou et al, 2005) and other species (Cantile et al, 2001; Siddharthan et al, 2009) , which contains respiratory control functions in the medulla and pons (Dubreuil et al, 2009; Okada et al, 2009; Rudzinski and Kapur, 2009) . Afferent axons from the carotid and aortic bodies in the glossopharyngeal nerve contain chemoreceptor cells and vagal afferent nerves from receptors in the lung (Goehler et al, 2005 (Goehler et al, , 2006 Hermann and Rogers, 2009 ) communicate with the medulla and pons respiratory control centers to coordination inspiration and expiration. Therefore, WNV-induced lesions in the respiratory control centers or WNVinduced alteration of signaling from vagal afferents could also adversely affect respiration.
Hamsters infected with WNV manifest similar neurological disease signs as observed in human patients (Morrey et al, 2004 (Morrey et al, , 2007 Siddharthan et al, 2009) , among those being paralysis caused by infection of the gray matter of the spinal cord. Because lesions in the gray matter of the spinal cord or in the brain stem could presumptively cause respiratory distress, we employed these animal models to investigate the pathogenesis of respiratory dysfunction caused by WNV.
Results
To address the hypothesis that WNV-induced respiratory distress is neurologically caused, electromyographs (EMGs) were measured longitudinally from the diaphragms of alert hamsters infected subcutaneously (s.c.) with WNV. In agreement with the hypothesis, the WNV-injected hamsters developed dysfunctional EMG tracings ( Figure 1B, D) , as measured by suppressed root-mean-square (RMS) values of the EMG amplitude ( Figure 1A , C) over the time course of infection. The EMGs of WNV-infected animals were statistically different from the shaminfected animals (P £ .001) ( Figure 1A , C). These data established that WNV s.c. injection causes EMG suppression of the diaphragm.
To establish that suppression of diaphragmatic EMG is not due to a universal viral infection response, hamsters were injected with Pichinde virus, an arenavirus causing hemorrhagic fever in hamsters, but not central nervous system infection (Gowen et al, 2008) . The same day of infection, EMG wires were surgically implanted in the diaphragm and EMG readings were recorded on days 2 to 6 after infection. None of the three Pichinde virus-infected animals had suppressed EMGs up to 6 days after viral challenge, in contrast to those observed with WNV infection (Figure 2 ). The EMGs were recorded up through the severe stages of disease when animal started succumbing to disease at day 7.
To investigate lesions that might be responsible for EMG suppression, tissues known to control respiration were collected from subcutaneously WNV-injected animals when they first developed suppressed EMGs (day 3) ( Figure 3A ) and after they had sustained EMG suppression at days 7 and 8 ( Figure 3B ) ( Table 1 ). The tissues were lung, diaphragm, cervical spinal cord, brain stem, or the carotid and aortic bodies sensing pH, O 2 , and CO 2 (Focosi et al, 2007; Gonzalez et al, 1994) . WNVpositive immunostaining or histopathology was observed only in the brain stems or cervical spinal cords, but not in the other tissues. WNVpositive immunostained foci were identified in brain stems from all four animals with suppressed EMGs assayed 7 and 8 days after challenge; whereas, the cervical cords from two of four animals at that time were negative for the WNV protein (Table 1) . Likewise, all four animals had histological changes in the brain stem, but only one animal (no. 301) possessed Diaphragm EMG suppression in WNV-infected hamsters JD Morrey et al such pathology in the cervical spinal cord (Figure 3) . Examples of the histology from the brain stem and cervical cord are shown for animals challenged with WNV in the cervical cord, medulla, and subcutaneously (Figure 4) . Pathology in the brain stem and cervical cord included lymphocytic infiltration and perivascular cuffing. The cervical cord also included infrequent axonal swelling and gliosis.
No WNV-positive immunostained foci or histopathology was observed in the brain stem or cervical cord from the one EMG-suppressed animal (no. 455) on day 3 (Table 1, Figure 3 ). Positive foci of infection may have been missed in this animal, however, because the complete brain stem was not sectioned for analysis and positive foci of infection have been observed at day 3 in another WNV-infected hamster (data not shown). These data establish that rare WNV-immunostained foci can sometimes be located in the brain stem, but not in the cervical cord, as early as day 3 after viral challenge. However, positive WNV-immunostained foci with histopathology were uniformly observed in the brain stems of hamsters with suppressed EMGs at days 7 and 8 (Table 1) . Cervical cord infections and histopathology were observed in some, but not all of these EMG suppressed animals.
Hamsters were injected with WNV directly into the medulla to determine if lesions specifically in this anatomical location could cause EMG suppression. EMGs were recorded longitudinally from the diaphragm in a hamster (no. 29) injected bilaterally into the medulla with WNV (WN02) or in a hamster sham-injected (no. 67) ( Figure 5 ). Two other hamsters were repeated on another day (trial 2). Sample EMG recordings from WNV-injected hamsters from both Trials 1 and 2 were ( Figure 5B ) markedly suppressed beginning early in the course of infection (P £ .001). The root-mean-square (RMS) values from RMS at days 0 to 12 with three sham-and three WNV-infected hamsters and (C, D) days 11 to 17 after viral challenge with three sham-and four WNV-infected hamsters. EMG was performed in alert unanesthetized animals. ***P £ .001 compared to sham-infected data using two-way ANOVA (Prism 4 for Macintosh; GraphPad Software) of data between days (A) 3 and 6 or (B) 11 and 17.
Diaphragm EMG suppression in WNV-infected hamsters the two WNV-injected hamsters were significantly suppressed over the course of the experiment (P £ .001) ( Figure 5A ). The raw EMGs or their RMS values were not suppressed in sham-injected animals. These data demonstrated that WNV injection in the medulla oblongata resulted in EMG suppression. In another set of animals, tissues were collected from animals directly injected with WNV bilaterally into the medulla or in C5 of the cervical cord (Table 1, Figure 3C , D). EMG-suppressed animals (nos. 406, 452) injected with WNV in the cervical cord and the medulla, respectively, both had WNV-positive foci and histopathology in the brain stems and the cervical spinal cords.
No WNV-immunoreactive cells or histopathological lesions were identified in the lung of EMGsuppressed animals to suggest degradation of alveoli sacks that could account for any pulmonary dysfunction (Table 1) . Likewise, none of the diaphragms, carotid bodies, or aortic bodies possessed WNVimmunoreactive cells or histopathology (data not shown).
Brain auditory evoked response (BAER) was used to assess the presence of generalized lesions in the brain stem. Because the auditory pathway extends oven much of the brain stem, this assay was selected to determine if generalized brain stem neuropathy was the cause of diaphragmatic EMG suppression. In alert anesthetized animals and humans, auditory clicks evoke electrical potentials with different latencies as the induced signal progresses along the auditory pathway through the pons and midbrain. Prominent peaks in the BAER represent evoked activity in the ventral cochlear nucleus (peak I), the superior olivary nucleus (peak III), and the lateral lemniscus (peak V) in the brain stem. Besides providing an assessment of threshold, BAERs can be used to monitor the auditory pathway in the brain stem by measuring the latencies of peaks III and V, where peak I is used as a reference point (Hoffman and Horowitz, 1984; Jiang et al, 2009) . These peaks were identified in normal hamsters using diminishing decibels (db) of sound ( Figure 6A ). To evaluate the brain stem function of WNV-infected hamsters, the latencies between peaks I and III, I and V, and III and V were measured on days 7 and 11 ( Figure 6B ). No statistical differences were observed between WNV-and sham-infected animals up to 7 days post infection; however, the BAERs of some WNVinfected animals only at day 11 (not day 7) were qualitatively abnormal so that accurate peak measurements could not be made (see Figure 6B ). Examples of WNV-induced abnormal BAERs (nos. 260, 349, 126) obtained at day 11, along with a normal BAER from a sham-infected hamster (no. 256), are shown in Figure 6C . At day 11, all of the 15 shaminjected hamsters were normal, but 3 of 12 WNVinjected hamsters were abnormal. The lack of abnormal BAER data early in the course of infection when EMGs were suppressed suggests that the lesions causing suppression of EMG were not the same as the lesions causing BAER abnormalities. Because BAER abnormality at day 11 probably detected generalized neuropathy in the brain stem, EMG suppression as early as day 3 was not likely cause by generalized neuropathy.
Discussion
Based upon respiratory distress and failure observed in some WNV-infected human patients (Fratkin et al, 2004; Sejvar et al, 2006) , we addressed the hypothesis that respiratory distress is caused by lesions in the central nervous system. EMGs measured in the diaphragms of infected rodents were used to test this hypothesis. We reasoned that deficiencies in the diaphragmatic EMG could reflect deficiencies in other neurologically controlled functions, e.g., the medullary chemoreceptor/respiratory neurons, respiratory afferent nerve fibers including the vagus nerve, respiratory nuclei in the medulla and pons and tracts to the spinal cord, cervical motor neurons, and the phrenic nerve. To longitudinally measure diaphragmatic EMG, an electrode was implanted in the midcostal region in one side of the diaphragm in unanesthetized hamsters. Ten consecutive recordings were made and the average root-mean-square (RMS) of EMG waveform was calculated. Because the animals were alert, breathing rates were variable; nevertheless, we were able to quantifiably measure suppressed EMG amplitudes of infected animals.
All animals challenged subcutaneously with WNV, in the ventrolateral medulla, or in the cervical spinal cord eventually developed suppressed EMGs as compared to no suppression in shaminfected animals. WNV-induced EMG suppression could theoretically be affected by infected tissues Another possible cause of WNV-induced EMG suppression is cytokine signaling of the vagal afferent nerves to central autonomic pathways (Goehler et al, 2005 (Goehler et al, , 2006 Hermann and Rogers, 2009 ). Multiple pathways and mechanisms have been described for the communication from the immune system to the central nervous system. For example, local cytokines due to infections within terminal fields of peripheral sensory nerves can result in early cytokine-induced signaling to the central autonomic system, although no examples on the effect of autonomic EMG function by cytokine signaling has yet been described. Circulating cytokines can also alter vagal afferent signaling of autonomic control (Goehler et al, 2005) . The observation that EMG suppression can occur early after viral challenge before extensive WNV infection and pathology in the brain stem suggests that the mechanism of EMG suppression involves peripheral immune communication to the central nervous system. Two findings, however, argue against this mechanism of action, but do not rule it out. One finding is that the EMG suppression is sustained through the course of disease out to day 17 or beyond, whereas cytokine or innate immunity fluctuates over time. The other finding is that a viral infection of hamsters with Pichinde virus causing systemic, but not neurologic disease, did not affect EMGs.
Also supporting the hypothesis that lesions in the medulla or cervical cord can cause respiratory dysfunction are prior reports. Evidence that disease of the medulla can cause respiratory distress are congenital central hypoventilation syndrome (Gaultier et al, 2004; Rudzinski and Kapur, 2010) or severe brain injury (Woischneck et al, 2009) , which results in damage to medullar respiratory control function. More relevant to WNV infection is bulbar poliomyelitis in which poliovirus infects the medulla oblongata to cause respiratory dysfunction. Bulbospinal poliomyelitis is the infection of both the medulla and the cervical (C3-C5) spinal cord to cause paralysis of the diaphragm (Atkinson et al, 2007) .
Infectious titers or WNV-specific polymerase chain reaction (PCR) from homogenized tissues were not utilized to detect virus in the brain or Table 1 WNV immunohistochemistry and histopathology of the cervical cords, brain stems, and lungs from hamsters possessing suppressed diaphragmatic electromyograms (EMGs) (see Figure 3 ) at various days after subcutaneous, cervical spinal cord, or bilateral ventrolateral medulla challenge (both sides) with WNV (NY WNV on 3 to 4 dpi; WN02 on 7 to 8 dpi)
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Hamster no. Note. Neg = negative for WNV-immunostained cells or histopathology; Pos = positive for WNV-immunostained cells; Alk phos = Alkaline phosphatase immunostaining was used; HRP = horseradish peroxidase immunostaining was used; CF = confocal microscopy was used; Histopath = histopathology, includes lymphocytic infiltration, perivascular cuffing, axonal swelling, gliosis. ND = not done. In an EMG-suppressed animal 3 days after viral challenge, there was no observable neurohistopathology with lymphocytic infiltration or gliosis, as determined by subjective H&E observation in these brain stems. At later days after infection (~day 7), lymphocytosis and gliosis was observed by H&E in subcutaneously injected hamsters. Prior studies have amply demonstrated the role of astrocytes in WNV pathology. Astrocytes can be persistently infected with WNV (Diniz et al, 2006) , which decreases excitatory amino acid uptake resulting in glutamate excitotoxicity (Blakely et al, 2009) , and can secrete chemokines and cytotoxic factors that affect neuron viability and microglial production of chemokines (Cheeran et al, 2005; Diniz et al, 2006; van Marle et al, 2007) . Direct infection of neurons may also contribute to WNV pathology. The WNV capsid (Oh et al, 2006; Yang et al, 2002) or nonstructural WNV proteins (Medigeshi et al, 2007) can lead to apoptosis of neurons. Depending on the level of infectious doses in cells, necrosis or apoptosis pathways can be involved (Chu and Ng, 2003) . Considering the direct infection of neurons and lack of astrocytosis or lymphatic infiltrations 3 days after infection, these data may suggest different phases of pathology. The earliest phase may involve the direct infection of neurons to cause electrophysiological dysfunction, followed by possible death of neurons, or may involve alteration of vagal afferent autonomic function. Later stages of disease would involve infected astrocytes, microglial cells, or reactive T cells to mediate immunopathological disease.
BAER data from this report also supports different phases of pathology. The BAER was selected to determine if generalized brain stem neuropathy was the cause of diaphragmatic EMG suppression. Because deficiencies of BAER were only observed at day 11, which is long after diaphragm EMGs became suppressed, multiple phases of WNVinduced neurological disease are likely. Definitive proof of early and late phases of WNV neurological disease, however, awaits further investigation. Figure 4 Examples of the histology from the brain stem and cervical cord from hamsters challenged with WNV in the cervical cord (no. 406), medulla (no. 452), and subcutaneously (no. 301) along with an uninfected hamster. Arrows identify perivascular cuffing, axonal swelling, and lymphocytic cells surrounding neurons. These data correspond to data in Table 1 .
Challenge route

Diaphragm EMG suppression in WNV-infected hamsters
Evidence from these studies indicate that WNVinduced EMG suppression of the diaphragm is neurologically caused, either from direct infection of the brain stem and cervical cord, or from the effects of infection on the afferent vagus nerve controlling autonomic function of the brain stem. This WNV-induced EMG suppression may be analogous to conditions leading to respiratory distress of WNV-infected human patients.
Materials and methods
Animals and viruses
Adult female Syrian golden hamsters were used (Charles River Laboratories). Animals were randomized to treatment groups. This study was conducted in accordance with the approval of the Institutional Animal Care and Use Committee of Utah State University. One New York isolate (NY WNV) (Lanciotti et al, 2002; Lanciotti and Kerst, 2001 ) from crow brain (Davis et al, 2004) and one isolate of the emerging dominant genotype (WN02) from bird 113 (TX-113) (Biodefense and Emerging Infectious Research Resources Repository, Manassas, VA) were used. The NY WNV strain was used to increase the probability of EMG dysfunction in the early times of infection before day 6, because the NY strain causes a more robust disease in hamsters as compared to the WN02 strain ). WN02 strain was used for animals necropsied after day 6 to increase the numbers of surviving animals for analysis. The viruses were propagated in MA-104 cells and diluted in minimal essential medium (MEM) immediately prior to subcutaneous (s.c.) injection in the groin area with a volume of 100 ml or intracerebrally with 1 ml.
Histology
Immunohistochemistry using light microscopy and confocal microscopy was described elsewhere Siddharthan et al, 2009) , in which we performed relevant controls such as absence of the primary antibody, negative controls from uninfected animals, positive controls from kidneys of WNV-infected animals and WNV-infected Vero cells, and confirmation of antibody specificity using three different staining protocols.
For light microscopy, paraffinized sections were used for hematoxylin and eosin (H&E) and detection of WNV envelope. For alkaline phosphatase localization of WNV envelope antigen , the Ventana NexES IHC Full System (N750-NXIHC-FS; Ventana Medical Systems, Tucson, AZ) was used. The sections were stained with 7H2 monoclonal antibody (mAb) for WNV envelope and detected using Ventana Basic AEC Detection kits (Ventana Medical Systems) according to the manufacturer's instructions and counterstained with hematoxylin. For horseradish peroxidase (HRP) localization of WNV envelope antigen , tissues were incubated with 7H2 anti-WNV mouse mAb at 4 C overnight, incubated with horse anti-mouse immunoglobulin G (IgG) (1:200; BA-2000; Vector Lab) for 2 h at room temperature, and developed with the avidin-biotin-peroxidase complex (ABC) detection system (1:100; Vectastain ABC kit; Vector Lab) for 30 min employing 0.3% hydrogen peroxide and 3,3'-diaminobenzidine (DAB). For confocal microscopy , paraffin sections were processed using primary monoclonal antibody 7H2 against WNV as above, and Alexa-fluor 568 goat anti-mouse IgG antibody for WNV detection. Primary polyclonal anti-neuronspecific enolase (NSE) antibody (Chemicon, Temecula, CA) and Alexa-fluor 488 goat anti-mouse IgG antibody (Molecular Probes, Eugene, OR) were used Representative raw EMG signals at days 0 to 7 after viral challenge from two different trials. Trials 1 and 2 each contained one WNV-injected and one sham-injected hamster. ***P £ .001 of data from day 7 compared to day 0 using twoway ANOVA (Prism 4 for Macintosh; GraphPad Software).
Diaphragm EMG suppression in WNV-infected hamsters JD Morrey et al for NSE detection. Stained slides were visualized using a Nikon Eclipse TE300 microscope (Nikon) attached with Lambda DG4 (Sutter Instrument, Novato, CA) and a Bio-Rad MRC 1024 confocal microscope (Bio-Rad, Hercules, CA). A boardcertified veterinary pathologist blinded to the identification of the samples examined the H&E-stained sections.
Cervical cord injection
Dorsal laminectomy was performed on hamsters at the 5th cervical vertebra of the spinal cord. In anesthetized hamsters, the subcutaneous tissues were retracted laterally and the paraspinal muscles were incised immediately lateral to the spinous process. Muscles were scraped from the lamina of the vertebrae with a Friedman Mico Rongeur. The dorsal spinal process of the vertebra was removed. An opening was made in the dura with a 30-gauge needle held at a 20 angle from the horizontal axis of the spine. One microliter of virus (2.8 Â 10 3 plaque-forming units [PFU] ) was injected into both sides of the spinal cord with a Hamilton syringe held by the arm of a stereotactic apparatus. Both sides were injected. Control animals were sham-infected with viral diluent (minimal essential medium). The dura was sutured with interrupted 4-0 absorbable sutures with a tapered needle (Ethicon). The paraspinal muscles were sutured with 3-0 absorbable sutures and the skin was closed with wound clips. Buprenorphine analgesia (0.05 to 0.1 mg/kg) and the antibiotic Baytril (20 mg/kg) were subcutaneously administered. The hamsters were kept on a heating pad until they regained consciousness.
Stereotaxic injection of medulla oblongata
The procedure used for the brain stem injection of hamsters has been described (Mori et al, 2002) . One microliter of virus (2.8 Â 10 3 PFU) was injected at the following stereotaxic coordinates: from the bregma, anterior-posterior: À8.44 mm; mediolateral: ±0.45 mm; dorsoventral: +8.8 mm. Injection was performed on both sides. The coordinates targeted the ventrolateral medulla oblongata near the rostral one-third of the inferior olive nucleus in the hamster.
Electromyography (EMG) of the diaphragm
Based on previous procedures (Campbell et al, 1995; Fournier and Lewis, 2000) , a small incision was made through the abdominal musculature below the left costal margin to expose the abdominal surface of the diaphragm. A pair of 36-gauge Tefloninsulated single-stranded stainless steel wires (AS765 Cooner Wire; Specialty Wire & Cable, Chatsworth, CA) were implanted in the midcostal Diaphragm EMG suppression in WNV-infected hamsters region of the left hemidiaphragm. This was accomplished by inserting into the muscle a 26-gauge needle containing the electrode wire with a 1-mm bare tip bent into a hook. When the needle was removed, the electrode remained in the muscle. To secure the electrodes, looped leads of the electrode wires were sutured to intercostal muscles. Additionally, a common ground wire was implanted subcutaneously. The electrode leads were routed subcutaneously to exit on the dorsal surface of the back. Leads were connected to a differential DAM50 amplifier (World Precision Instruments, Sarasota, FL) set at 10K gain and the band-pass filter between 3 Hz and 2 kHz. EMG recordings were monitored on a digital storage oscilloscope (2542BK; BK Precision Electronic Test Instruments, Yorba Linda, CA). EMGs were performed in unanesthetized hamsters placed on a platform (25 Â 25 cm 2 ) where 10 consecutive recordings were made. The average root-mean-square (RMS) of the EMG waveform was calculated.
Brain auditory evoked response (BAER)
Auditory evoked potentials were recorded with an active electrode at the vertex of the skull and a reference electrode at the bulla of the skull in hamsters. The BAER was recorded using a laptop computer loaded with LabView 8.2 (National Instruments, Austin TX), a NI USB-6212 data acquisition board, a SCB-68 shielded connector block (both from National Instruments), a pair of EARTone 3A insert earphones (EAR Auditory Systems, Indianapolis IN), and an in-line MP3 stereo amplifier (Boostaroo, Nunica MI). This system was programmed to produce auditory stimuli 0.1 ms in duration consisting of a 14-kHz tone and the stimulus was repeated at a rate of 11 Hz. The input for the Labview/computer BAER system came from a DAM-50 2 channel amplifier (World Precision Instruments) via acupuncture needles (40 G) soldered to a set of shielded EMG cables (Chalgren, Gilroy CA). LabView was programmed to capture 500 evoked responses and then compute their average. The animal and the amplifier was placed inside a 24-inch Â 24-inch custom-made copper Faraday cage (BioQuip Products, Rancho Dominguez, CA) lined with home theater noise reducing rubber sheet and pyramidal foam. The outside was covered with home theater acoustic ceiling tiles (Acoustical Solutions, Richmond, VA) . To analyze the data, 10-db steps of increasing decibels (db) of sound from 30 to 100 db were used to elicit responses to measure the thresholds of peaks I and V. Eighty decibels of sound were used to measure the latency between peaks I and III and I and V.
